Abstract -The structure and dynamics of actin cytoskeleton are factors important for regulation of cell adhesion, spreading, and migration. TRIP6 is a LIM domain-containing protein interacting with many actin cytoskeleton-associated proteins and modulating the activity of certain transcription factors. To study the functions of TRIP6, we inhibited its expression in A549 and A431 cells with short interfering RNAs (siRNAs). TRIP6 knockdown led to an increase in the number and length of stress fibers and acquisition of the locomotor phenotype. Staining for paxillin demonstrated a decrease in the number of focal adhesion zones and their reorganization, while staining for E-cadherin revealed a loss of cell-to-cell contacts. These morphological changes were accompanied by a twofold increase in cell motility rate, as determined by the wound-healing assay. Thus, downregulation of TRIP6 in the above cell lines led to development of more malignant phenotype of epithelial cells. Possible mechanisms underlying the effects observed are discussed.
Changes in the structure and dynamics of actin cytoskeleton influence many signal pathways, some of which are involved in the regulation of cell adhesion, spreading, and migration. Regulation of the cytoskeleton also affects cell division and malignant transformation [1] .
Interplay between the cytoskeleton and the transcriptional machinery may be mediated by adaptor proteins containing LIM domains [2] , which are highly conserved cysteine-rich structures with two tandem zinc fingers [3] . These domains are not involved in DNA binding but are responsible for protein-protein interactions. Sequence and spacing between conservative residues are highly variable and confer specificity of interaction and a wide spectrum of interacting proteins. Thus, LIM domains function as scaffolds to support the assembly of large macromolecular complexes [2] [3] [4] . TRIP6 (thyroid hormone receptor interacting protein 6) is a 476-aa zyxin family protein [5, 6] expressed predominantly in epithelial cells [6] [7] [8] [9] . Analysis of the TRIP6 sequence shows two distinct regions: the aproline-rich N-terminal half and a C-terminal region containing three LIM domains. Similarly to other zyxin family members, TRIP6 is a cytoplasmic protein primarily localized to focal adhesion plaques. However, under certain conditions, proteins of this family may shuttle to the nucleus and then back to the cytoplasm due to the nuclear export signal (NES) [4, 8, 9] . To date, zyxin family members are recognized as actin-associated adaptor proteins relaying signals between the cytoplasm and the nucleus, where they may play a role of transcriptional regulators [2] .
To date, a number of TRIP6 interaction partners have been identified. In the cytoplasm, TRIP6 binds to tyrosine phosphatase PTP-BL [6, 10] ; to the adaptor protein RIL involved in the actin stress fiber assembly [9, 11] ; and to p130 Cas , which is required for outside-in integrin signaling [12] . The wide range of TRIP6 interaction partners suggests its role in the regulation of the actin cytoskeleton and cell motility. On the other hand, it is known that TRIP6 can interact with certain transcriptional factors, such as thyroid hormone receptor THR-β , retinoid X receptor [7] , glucocorticoid receptor, c-Fos, the NF κ B subunit p65 (RelA) [13, 14] , and v-Rel [8] . Note that TRIP6 may function both as a positive and a negative transcription regulator. However, despite the ample data on the properties of TRIP6, its biological role remains obscure. To study the role of TRIP6 in the regulation of actin cytoskeleton and cell adhesion and migration, we downregulated the expression of the TRIP6 gene using small interfering RNAs (siRNAs). RNA interference is a process of sequence-specific posttranscriptional inhibition of gene expression by homologous double-stranded RNAs [15] . The siRNAs were expressed using the lentiviral pLSLP constructs, from which a short (64 nucleotides in length) hairpin RNA was synthesized under the control of the H1 RNA promoter. Inhibition of endogenous expression of TRIP6 (GenBank accession no. BC004249) was carried out using the sequence 5'-gaagctggttcacgacatgaa (siTRIP6). The 5'-ctaacactgggttatacaa siRNAs (siE6) specific for the E6 gene of human papilloma virus type 18 (GenBank accession no. X04354) was used as a negative control. The procedure of virus packaging and cell transduction was described elsewhere [16] . The effectiveness of suppression of target genes was assessed by RT-PCR (data not shown), Northern blot hybridization, and Western blot analysis (Fig. 1A) . A549 lung carcinoma cells and A431 epidermoid carcinoma cells were used to obtain stable cell lines with introduced siTRIP6 and siE6.
Light microscopy of A549 and A431 cells, in which TRIP6 expression was inhibited by siRNA, revealed visible morphological changes in these cells, compared to the control cells (Fig. 1B, panels a, b ) . The control siE6-transduced A549 cells were either discoid or polygonal; they retained cell-to-cell contacts and high degree of spreading. The siTRIP6-containing A549 cells were spindle-or star-shaped; the degree of their spreading decreased, and extended stable-edge regions appeared, which led to an increased ratio of the squared perimeter of cells to their area (Fig. 1C) . As a result of inhibition of TRIP6 expression, many cells acquired fibroblast-like polarized The ratio between the squared cell perimeter to cell area was determined after photographing the cells. Thirty randomly selected cells from the control and experimental groups were analyzed using the ImagePro program. The procedure of virus packaging and cell transduction was described earlier [16] .
phenotype characteristic of migrating cells, with a lamellopodia formed on the front edge and clearly distinguishable body and tail (Fig. 1B, panels a, b ) . Such changes, along with the loss of epithelial markers, are features associated with epithelial-mesenchymal transition [17] . In addition, the presence of crisscrossed cells may indicate the loss of contact inhibition. Similar morphological changes were also observed in the siTRIP6-transduced A431 cells (data not shown).
The actin cytoskeleton is implicated in the maintenance of cell shape and motility. We analyzed the changes in the actin cytoskeleton caused by the inhibition of TRIP6 expression (Fig. 1B, panels c, d ). Actin phalloidin staining revealed enhanced stressfiber formation in cells with downregulated TRIP6 , while actin bundles were almost absent in the control (siE6-transduced) A549 cells. Tractions in the cytoskeleton developed by actin filaments trigger the assembly of focal adhesions. Focal contacts were detected by immunofluorescent staining for paxillin (Fig. 1B,  panels e, f ) . In the control cells, focal contacts were uniformly distributed over the entire perimeter of the cell, forming a thin rim. In cells with suppressed TRIP6 expression, conversely, large zones of focal adhesion were observed, which were localized sparsely and along the perimeter. A decrease in the number of focal contacts and their reorganization may take place in transformed cells. Another sign of an increased transformation of epithelial cells, the loss of cell-to-cell contacts, was observed upon immunofluorescent staining of siTRIP6-transduced cells using antibodies to E-cadherin (Fig. 1B, panels g, h ) . Similar changes were observed in A431 cells upon TRIP6 knockdown (data not shown).
Taking into account the acquisition of the locomotor phenotype and the reorganization of actin cytoskeleton and focal adhesion zones in cells with suppressed TRIP6 expression, we analyzed the ability of these cells to migrate. A linear wound in a cell monolayer was inflicted with a plastic pipette tip; the cells were allowed to migrate for 20 h and were photographed (Fig. 2) . The migration rate of A549 cells transduced with siTRIP6 was twice as high as that of the control siE6-transduced cells (Fig. 2a) . Similar results were obtained with A431 cells (data not shown).
Thus, suppression of TRIP6 expression by siRNA in the studied carcinoma cell lines led to the formation of actin stress fibers, reorganization of focal adhesions and a decrease in their number, and the loss of cell-tocell contacts and contact inhibition. These changes were accompanied by the acquisition of the locomotor phenotype and increased motility of cells, which are indicative of an increased degree of epithelial cell transformation [18] . These effects may be due to either cytoplasmic or nuclear TRIP6. In the nucleus, TRIP6 modulates the activation of MEK/ERK signaling pathway and activity of AP-1 transcriptional factor [14] , which are involved in morphological transformation and may lead to upregulation of the epidermal growth factor receptor (EGFR) [19] and induction of small Rho-GTPases and actin cytoskeleton reorganization. In the cytoplasm, TRIP6 may be involved in the regulation of actin polymerization by competing with α -actinin for the binding with the adaptor protein RIL [9] . TRIP6 suppression leads to enhanced association of α -actinin with F-actin by RIL [9] and an increase in the number of stress fibrils. In addition, TRIP6 may be involved in the regulation of interaction of Crk with the p130 Cas family proteins [12] . It was shown that the Cas-Crk complex plays a crucial role in membrane ruffling and cell migration due to activation of the Rac-JNK signaling [21] . TRIP6 also interacts with the tyrosine phosphatase PTP-BL, competing with the tumor suppressor APC [6, 10, 22] , which is responsible for the binding and degradation of free β -catenin. Free β -catenin forms a complex with the transcriptional factor Tcf/Lef and activates expression of target genes [18, 23] , as well as induces ERK and Wnt signaling [24, 25] . It is possible that TRIP6 downregulation changes the stoichiometry of interaction between APC and β -catenin and leads to the accumulation of the latter in the cytoplasm. An increase in β -catenin dephosphorylation by the tyrosine phosphatase PTP-BL, which enhances its stability, cannot be ruled out either. Thus, TRIP6 may affect the dynamics of the actin cytoskeleton, cell adhesion, and migration by regulating different signaling pathways. However, additional studies are required to clarify particular mechanisms of this regulation.
